A sinusoidally time-varying pattern of the values of the Newton's constant of gravitation G measured in Earth-based laboratories over the latest decades has been recently reported in the literature. Its amplitude and period amount to A G = 1.619 × 10 −14 kg −1 m 3 s −2 , P G = 5.899 yr, respectively. Given the fundamental role played by G in the currently accepted theory of gravitation and the attempts to merge it with quantum mechanics, it is important to put to the test the hypothesis that the aforementioned harmonic variation may pertain G itself in a direct and independent way. The bounds onĠ/G existing in the literature may not be extended straightforwardly to the present case since they were inferred from planetary and lunar motions by considering just secular variations. Thus, we numerically integrated the ad-hoc modified equations of motion of the major bodies of the Solar System by finding that the orbits of the planets would be altered by an unacceptably larger amount in view of the present-day high accuracy astrometric measurements. In the case of Saturn, its geocentric right ascension α, declination δ and range ρ would be affected up to 10 4 − 10 5 milliarcseconds and 10 5 km, respectively; the present-day residuals of such observables are as little as about 4 milliarcseconds and 10 −1 km, respectively.
Introduction
The Newton's gravitational constant G (Gillies 1997; Mohr, Taylor & Newell 2012) , measured for the first time 1 by Cavendish (1798) at the end of the eighteenth century 2 , is one of the fundamental parameters of Nature setting the magnitude of the gravitational interaction (Uzan 2003 (Uzan , 2009 (Uzan , 2011 Chiba 2011) . In either the Newtonian and the Einsteinian theories it is assumed that it does depend neither on spatial nor temporal coordinates, being a truly universal constant.
In the twentieth century, prominent scientists (Milne 1935 (Milne , 1937 Dirac 1937; Jordan 1937 Jordan , 1939 , mainly on the basis of cosmological arguments, argued that, actually, G may experience slow time variations over the eons. Current research took over such a fascinating idea, so that nowadays there are several theoretical scenarios encompassing it; see, e.g., Brans & Dicke (1961) ; Brans (1962) ; Wu & Wang (1986) ; Ivashchuk & Mel'Nikov (1988) ; Melnikov (2002 Melnikov ( , 2009 ).
Recently, Anderson et al. (2015) showed that the measurements of G obtained with different techniques (see, e.g., (Gundlach & Merkowitz 2000; Quinn et al. 2001; Schlamminger et al. 2006; Fixler et al. 2007; Lamporesi et al. 2008; Parks & Faller 2010; Luo et al. 2009; Tu et al. 2010; Quinn et al. 2013; Rosi et al. 2014; Schlamminger 2014 )) in terrestrial laboratories over the latest decades (Speake & Quinn 2014 ) exhibit a harmonic time-dependent variation which can be satisfactorily modeled as
with (Anderson et al. 2015 )
Although 3 Anderson et al. (2015) themselves did not suggest that the reported pattern may be due to some modifications of the currently accepted laws of gravity, we want to quantitatively assess such a potentially intriguing possibility in an independent way by looking at the consequences that such an effect, if real, would have on systems other than those used to collect the measured values of G on the Earth. To this aim, we will consider the changes which would occur in the motions of the major bodies of the Solar System to check if they are compatible with the current stringent limits posed on their standard dynamics by accurate astrometric measurements.
Here, we will use recently released Cassini data analyses spanning ten years (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) of the orbit of Saturn in terms of its geocentric range ρ, right ascension α, declination δ (Hees et al. 2014; Jones et al. 2015) to independently test the G(t) scenario of eq. (1)-eq. (6). In particular, we will suitably compare numerically simulated signatures ∆α(t), ∆δ(t), ∆ρ(t) induced by eq. (1)-eq. (6) on the Kronian Celestial coordinates with the currently existing residuals for them (Hees et al. 2014; Jones et al. 2015) . Full details of the methodology adopted are given in Section 2. Section 3 summarizes our findings.
Methods and results
A striking feature of the alleged time-variation of G investigated here is its relatively short characteristic time scale which, according to eq. (6), amounts to just about 5 yr. This is in neat contrast with virtually all the theoretical models predicting a G(t) varying over typically cosmological timescales. This distinctive feature has also direct phenomenological consequences. Indeed, the validity of the numerous bounds on the percent variation of G existing in the literature, of the order of (Williams, Turyshev & Boggs 2004; Müller & Biskupek 2007; Ġ
may not be straightforwardly extended to the present case since they were inferred from least-square reductions of planetary and lunar positional data by modeling ∆G(t) as a secular trend. Such a choice, reasonable in view of the extremely slow changes assumed in the literature for G with respect to the typical orbital frequencies of the major bodies of the Solar System, does not apply to eq. (1). Thus, a dedicated analysis should be performed in the present case: it will be the subject of the present Section.
As a first step, we simultaneously integrate the barycentric Newtonian 4 equations of motion of all of the currently known major bodies of the Solar system in rectangular Cartesian coordinates over a centennial time-span (1914-2014) with the standard package MATHEMATICA 5 . The initial conditions are taken from Tables 1 to 2: they come from an adjustment of the suite of measurement and dynamical models of the EPM2013 ephemerides (Pitjeva & Pitjev 2014) to an extended data record of more than 800 000 observations ranging covering last century, and are referred to the epoch t 0 = JD 2446000.5 (27 October 1984, h: 00.00.00).
As a preliminary quality check of the procedure adopted, first we make some integrations backward and forward in time over an interval of time equal to the orbital period of Saturn starting from midpoints by correctly retrieving time-symmetric patterns. Then, we look at the tolerances in terms of total energy budget and conservation of the angular momentum L. By taking for each body the absolute value of the ratio of the difference between the values of the energy, the three components of L and L at time t and the starting epoch t 0 to their values at time t 0 , we obtain figures as little as 10 −7 over the entire interval of time covered by the numerical integration.
Thus, keeping the other parameters of the numerical integration unchanged, we repeat the same step by including also the putative variation of G according to eq. (1)-eq. (6). Both numerical integrations, with and without ∆G(t), share the same initial conditions for the known bodies of the Solar system retrieved from Tables 1 to 2. From the resulting time series of the Earth and Saturn, we numerically compute the time series of ρ, α, δ of Saturn, with and without ∆G(t); then, for all of the three Kronian Celestial coordinates, we compute differential time series ∆α(t), ∆δ(t), ∆ρ(t) which show up the impact of ∆G(t) over the 2004-2014 interval of time covered by the most recent Cassini data analyses (Hees et al. 2014; Jones et al. 2015) ; also Gaussian white noise is added to properly simulate the impact of the measurement errors. The results are displayed in Fig. 1 . Finally, we compare our simulated residuals to the corresponding existing Kronian residuals in Fig. 5 of Hees et al. (2014) and Fig. 2 of Jones et al. (2015) , which were produced without explicitly modelling the perturbing action of ∆G(t). bla bla bla Some technical considerations about the general validity of the approach followed are in order. Possible objections of lacking of meaningfulness concerning such kind of direct comparisons among theoretically calculated signatures of a certain dynamical effect and actual data processed without modelling the effect itself have recently proved to be ineffective, at least in some specific cases. Indeed, apart from the fact that such an approach had been proven successful since the time of the Pioneer anomaly (Iorio & Giudice 2006; Standish 2008 Standish , 2010 Fienga et al. 2010) , the latest constraints on a certain form of the MOND theory, equivalent to the action Table 1 : Solar System Barycentric (SSB) initial positions x 0 , y 0 , z 0 of the Sun, the eight planets and the dwarf planet Pluto estimated with the EPM2013 ephemerides (Pitjeva & Pitjev 2014 Table 2 : SSB initial velocitiesẋ 0 ,ẏ 0 ,ż 0 of the major bodies of the Solar system. The other details are as in Table 1 (1)-eq. (6). For each of the three Kronian observables considered, they were calculated as differences between two numerical integrations of the SSB barycentric equations of motion of the Sun, its eight planets and the dwarf planet Pluto from 1914 to 2014 with and without ∆G(t). Both integrations shared the same initial conditions in rectangular Cartesian coordinates, retrieved from Tables 1 to  2 , and the same standard dynamical models, apart from ∆G(t) itself. Thus, such curves represent the expected ∆G(t)-induced signatures ∆ρ, ∆α, ∆δ. The patterns and the size of the present signals can be compared with the range residuals by Hees et al. (2014) (∆ρ exp 0.1 km) and those for RA, DEC by Jones et al. (2015) (∆α exp , ∆δ exp 4 milliarcseconds).
of a remote trans-Plutonian body located in the direction of the Galactic Center, which were obtained by explicitly modelling it in a dedicated planetary data reduction (Hees et al. 2014) , turned out to be equivalent to those previously established by comparing theoretically computed effects to their observationally inferred counterparts determined without modelling it (Iorio 2010) . Finally, one might raise consistency issues about our analysis since our initial conditions come from the EPM2013 ephemerides (Pitjeva & Pitjev 2014) , while the post-fit residuals (Hees et al. 2014; Jones et al. 2015) to which our simulated signatures are contrasted were obtained with the DE430 ephemerides. Actually, it is not so. First, the EPM2013 initial planetary state vectors differ from the DE431 coordinates at t 0 , retrieved from the HORIZONS Web interface at http://ssd.jpl.nasa.gov/?horizons, by just ǫ = 2 (x EPM − x DE ) / (x EPM + x DE ) ≈ 10 −9 . Then, from Fig. 7 of Pitjeva (2013) it can be noticed that the differences between the Kronian Celestial coordinates calculated with the EPM2011 and DE424 ephemerides over a time interval as little as 10 years (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) are smaller than the residuals in Hees et al. (2014) ; Jones et al. (2015) obtained with the DE430 ephemerides.
Summary and conclusions
In this paper, we have independently tested the hypothesis-not supported by its discoverersthat the harmonic temporal variation in the time series of the laboratory measurements of the Newtonian constant of gravitation made over the years, which has been recently reported in the literature, may be due to some unknown physical mechanism affecting G itself.
To this aim, we looked at the effects that such a putative time-dependent behaviour of the fundamental parameter characterizing the strength of the gravitational interaction, if real, would have on the orbital motions of the major bodies of the Solar System. We numerically integrated their equations of motion with and without the proposed modification, and calculated the differences of the resulting time series for the observables used in real astrometric data reductions (right ascension α, declination δ, range ρ) to produce simulated residual signals ∆α(t), ∆δ(t), ∆ρ(t). We remark that, given the specific functional dependence of the effect considered and its relatively short characteristic time scale compared to the typical Solar System's orbital periods, it would be incorrect to straightforwardly extend the existing bounds onĠ/G to the present case since they were obtained by modeling a secular variation of G.
It turned out that the resulting anomalous signatures in right ascension, declination and range are far too large to have escaped detection in the residuals produced so far with the existing standard ephemerides, even if the putative variation of G was not explicitly modeled in all of them. Suffice it to say that, in the case of Saturn, α, δ and ρ would be affected up to 10 4 − 10 5 milliarcseconds and 10 5 km, while the current residuals are as little as about 4 milliarcseconds and 10 −1 km, respectively.
